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ABSTRACT 



Flame resistant glass fiber-reinforced polyamide resin com- 
position with 10 to 40% by weight of melamine- or melem- 
phosphoric acid reaction products or mixtures thereof as 
flame retardants and with 10 to 60% by weight of glass 
fibers. 
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FLAMEPROOF, GLASS FIBRE-REINFORCED polymerization of e-caprolactam, aminocaproic acid, 

POLYAMBDE RESIN COMPOUND WITH 7-aminoheptanoic acid, 11-aminoundecanoic acid, 

MELAMINE OR MELEMPHOSPHORIC ACID 9-aminonoDanoic acid and a-pyrrolidone or a-piperidone, 

REACTION PRODUCTS AS FLAME or polymers which are obtained by polycondensation of a 

RETARDANTS 5 <hamifl e > such as, for example, hexamethylenediamine, 

nonamethylenediamine, undecamcthylcnediamine, dodeca- 

Flame retardants for glass fiber-reinforced polyamide methylenediamine and m-xyjyleoediamine, with a dicar- 

resin compositions are already known. Thus, for example, ^ a « d ' s " ch as t.^pbthalic acid tsophthal.c actd 

. . T -t * * a *-j *~ adipic acid, sebacic acid, a dibasic dodecanoic acid and 

red phosphorus or haiogen<ontaimng flame retardants are ^ ^ q{ ^^don thereof, 

employed on an industrial scale for flame resistant treatment 10 * ^ fo / exa £ p k pdy^aprolactam (nylon 6), 

of glass fiber-reinforced polyamide resin compositions. polyhexamethyleneadipic acid amide (nylon 6/6), polyhex- 

However, these flame retardants have decisive amethyleneazelaic acid amide (nylon 6/9), polyhexameth- 

disadvantages, since, for example, in the event of a fire the ylenesebacic acid (nylon 6/10), polyhexamethylenedode- 

halogen-containing flame retardants release toxic and cor- canedioic acid amide (nylon 6712), polypyrrolidone (nylon 

rosive compounds, such as dioxins or hydrogen halides, IS 4^ polycaprylolactam (nylon 8), poly(u)-aminoundecanoic 

especially during prolonged fires, and red phosphorus forms ac fd) (nylon 11), poly(co-dodccanclactam) (nylon 12) and 

phosphine during processing and furthermore leads to end copolyamides and terpoly amides thereof, such as, for 

products which have an intense red to dark brown intrinsic example, nylon 6/66, nylon 6/12, nylon 6/6T, where T is 

color. terephthalic acid, nylon 66/BAC 6, where BAC is 1,3- or 

Suitable halogen-free flame retardants for polyamide 20 1,4-bis-aminocyclohexane, nylon 6/66/12 and nylon 6/610/ 

resin compositions which are not glass fiber-reinforced, such PACM10, where PA CM is 4,4'- 

as mel amine cyanurate, in turn have the disadvantage that diaminodicyclohexylme thane. 

they do not achieve adequate flame retardancy in glass Preferred polyamides are nylon 6, nylon 6/6, nylon 6/10, 

fiber-reinforced polyamide resin compositions. It was there- nylon 6/12, nylon 11 and nylon 12. Nylon 6 and nylon 6/6 

fore necessary to discover flame retardants which also have 25 are particularly preferred. 

the effect of adequate flame retardancy in glass fiber- The polyamide resin composition here can also comprise 

reinforced polyamide resin compositions and release no a mixture of two or more polyamides. The polyamide resin 

corrosive and toxic compounds in the event of a fire. composition can furthermore comprise additional resins, 

The use of melamine phosphate and of condensed such as, for example, polyesters, polyolefins, ABS, 

melamine phosphates, such as, for example, dfcnelamine 30 acrylonitrile/styrene/ethylene/vinyl acetate copolymers, 

pyrophosphate for rendering plastics other than polyamides EPDM rubber or other rubbers. 

flame retardant is already known from several literature The polyamide resin composition to be given a flame 

sources. Thus, for example, U.S. Pat. No. 4,010,137 resistant treatment has a content of 10-60% by weight, 

describes the use of these flame retardants in polyolefins and preferably 15-50% by weight, of glass fibers. The glass 

U.S. PaL No. 3,915,777 describes the use for coatings. It is 35 fibers can be employed in the form of short glass fibers, as 

furthermore known from Chem. Abstr. Volume 89: 111478 long glass fibers, or also in the form of glass fiber mats, 

that melamine phosphate, which can be converted into The fiber mats here can comprise cut fibers having a 

dimelamine pyrophosphate by splitting off water, can be length of 10 to 250 mm or continuous filaments laid down 

employed as a flame retardant in a polyamide which com- to give a nonwoven, it being possible for the fibers and 

prises calcium silicate filler but is not glass fiber-reinforced. 40 filaments to be either in random orientation or aligned. 

However, as comparison experiments have shown, the use of However, it is also possible to use other types of fiber, 

melamine phosphate and of condensed melamine such as, for example, carbon fibers or aramid fibers, for 

phosphates, such as, for example, dimelamine reinforcing the polyamide resin composition. Glass fibers 

pyrophosphate, in non-reinforced polyamides leads to com- are preferably used, and short glass fibers are particularly 

pletely unsatisfactory results in respect of flame resistance, 45 preferably used. 

since the desired burning class V-0 was not achieved. The glass fiber-reinforced polyamide resin composition 

Although melamine phosphate or melem phosphate and furthermore comprises 10-40% by weight, preferably 

condensed melamine phosphates or melem phosphates, such 15-35% by weight, of melamin- or melem-phosphoric acid 

as, for example, dimelamine pyrophosphate, do not give reaction products or mixtures thereof as flame retardants. 

satisfactory results in flame resistant treatment of polyamide 50 Suitable flame retardants for glass fiber-reinforced polya- 

resin compositions which are not glass fiber-reinforced, it mide resin compositions are accordingly melamine- or 

has now been found, unexpectedly, that polyamide resin melem-phosphoric acid reaction products or mixtures 

compositions which comprise these compounds in combi- thereof. 

nation with glass fibers have a very good flame resistance. Melamine- or melem-phosphoric acid reaction products 

The present invention accordingly relates to a flame 55 are to be understood here as meaning compounds which are 

resistant, glass fiber-reinforced polyamide resin composition obtained by reaction of melamine or melem with phosphoric 

characterized in that it comprises 10 to 40% by weight of acid, the ratio of melamine or melem to phosphoric acid 

melamine- or melem-phosphoric acid reaction products or varying. 

mixtures thereof as flame retardants and 10 to 60% by Starting from a melamine- or melem-phosphoric acid 

weight of glass fibers. 60 ratio of 1:1, different compounds can thus be obtained by 

Polyamide resin compositions which have been given a using an excess of melamine or melem or of phosphoric 

flame resistant treatment according to the invention can be acid. Examples of these compounds are melamine 

either homo- or copolyamide resin compositions. phosphate, melem phosphate, melem pyrophosphate, 

Polyamides are obtained, for example, by polymerization dimelamine pyrophosphate, dimelamine phosphate or 

of a lactam or an amino acid or by polycondensation of a 65 melamine polyphosphates. 

diamine and a dicarboxylic acid. Examples of suitable However, not only can the melamine- or melem- 

poly amides are, for example, those which are obtained by phosphoric acid reaction products be employed as an indi- 
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vidual compound or as a mixture of several individual 
compounds for flame resistant treatment of the glass fiber- 
reinforced polyamide resin compositions, it is also possible 
to use a mixture of one or more individual compounds 
obtained by reaction of melamine or melem and phosphoric 
acid with unre acted melamine or melem or with unreacted 
phosphoric acid. 

Melamine phosphate, melamine pyrophosphates and 
melamine polyphosphates, and mixtures thereof, are prefer* 
ably used, and dimelamine pyrophosphate is particularly 
preferably used as flame retardant for glass fiber-reinforced 
polyamide resin compositions. 

The abovementioned compounds are already known 
from the literature, and dimelamine pyrophosphate and 
melamine phosphate, for example, can thus be prepared, for 
example, analogously to EP 0 413 376. 

If appropriate, the polyamide resin composition accord- 
ing to the invention can also comprise further flame 
retardants, preferably halogen-free < flame retardants. 
Examples of suitable co-flame retardants are zink borate, 
zink phosphate, melamine sulfate or ammonium polyphos- 
phate. 

Customary additives, such as lubricants, dispersing 
agents and adhesion promoters, can furthermore be added to 
the polyamide resin composition according to the invention. 
The polyamide resins preferably additionally comprise dis- 
persing agents, such as, for example, stearates, 
phosphonates, fatty acid amides or aerosils. 

The flame resistant, glass fiber-reinforced polyamide 
resin composition is prepared by the processing techniques 
customary in the plastics industry, such as, for example, 
mixing the polyamide to be treated with the glass fibers and 
the flame retardant, and if appropriate with one or more of 
the abovementioned co-flame retardants and additives, in the 
desired weight ratios, melting the mixture and then granu- 
lating iL Devices customary in the plastics industry are 
suitable for carrying out the process, such as, for example, 
screw machines, extruders, kneaders, such as, for example, 
Buss or Brabender kneaders, or injection molding machines. 

So that the finished polyamide resin composition com- 
prises dimelamine pyrophosphate as a fiame-retardant, it is 
possible to admix dimelamine pyrophosphate directly. 

However, it is also possible ■ to prepare dimelamine 
pyrophosphate in situ from melamine phosphate. For this, 
the polyamide to be treated, melamine phosphate and the 
glass fibers are metered in sequence and in the desired 
weight ratio into a twin-screw extruder with metering points 
for the polyamide, the glass fibers and the flame retardant. 

Shortly before the end of the twin-screw extruder, 
vacuum degasing takes place, whereupon melamine pbos- 
phate undergoes condensation to dimelamine 
pyrophosphate, water being split off, and the extruded 
polyamide comprises dimelamine pyrophosphate. 

About 4.2% by weight of water, based on the melamine 
phosphate, must be removed from the melamine phosphate 
in the vacuum degasing, for which a vacuum of at least 250 
mbar is necessary. Liquid ring, reciprocating, membrane and 
rotary vane vacuum pumps are most suitable for achieving 
the required rough vacuum. The temperature during the 
vacuum degasing in this procedure is preferably 10 to 30° C. 
above the extrusion temperature of the polyamide to be 
processed. 

The polyamide resin composition according to the inven- 
tion exhibits burning class V-0 according to UL 
(Underwriter Laboratories) 94. One advantage is highly 
intumescent properties of the polyamide resin composition. 
The mechanical properties of the polyamides which have 



15 



20 



25 



been given a flame resistant treatment with the flame retar- 
dants according to the inveation furthermore are comparable 
with or sometimes even improved with respect to those of 
polyamides treated with flame retardants known from the 
prior art, for example with halogen-containing flame retar- 
dants or with red phosphorous. 

The glass fiber-reinforced polyamide resin compositions 
treated with the flame retardants according to the invention 
are therefore suitable, for example, for the production of 
shaped articles which are employed in the electrical or 
electronics industry. 

The following starting substances were used in the 
examples below: 



Polyamide 6/6 
Polyamide 6 
Short glass fibers of 
4.5 mm length 
Short glass fibers of 
4.5 mm length 
Melamine phosphate 
Dimelamine pyrophosphate 
Comperlan 

(fatty acid alkylolamide) 



Durethaue A 31 (Bayer) 
Ultramid B4 (BASF) 
P 327 (Vctrotex) 

CS 300 (VitrofU) 

Chemie Unz 
Chemie Linz 
Henkel 



30 



35 



40 



45 



50 



55 



60 



65 



EXAMPLES 1-15 

Granules of polyamide with glass fibers and dimelamine 
pyrophosphate were obtained by cold chopping on a twin- 
screw extruder from Leistritz. The twin-screw extruder was 
equipped with 3 metering points for the granules of plastic, 
for the flame retardant powder and for glass fibers . The 
extrusion temperatures were 270 to 300° G and the through- 
puts were between 1 and 10 kg/hour. 

The resulting granules had a bulk density of at least 600 
g/hour and were then injection molded on an injection 
molding machine from Ar burg to test specimens which were 
tested in respect of their burning properties in accordance 
with UL94 and their mechanical properties. All the test 
specimens achieved burning class V-0 according to UL-94 in 
this testing. 

Various comparison experiments were furthermore car- 
ried out: 

V-l: 25% by weight of dimelaminepyropbosphate was 
added as a flame retardant to polyamide 6/6 which com- 
prised 25% by weight of calcium silicate (NYAD 
G20544, Nyco) instead of glass fibers. 

V-2: 25% by weight of melaminecyanurate was added as a 
flame retardant to polyamide 6/6 with 25% by weight of 
glass fibers. 

V-3: 9% by weight of red phosphorous was added as a flame 
retardant to polyamide 6/6 with 25% by weight of glass 
fibers. 

V-4: 18% by weight of Dechlorane 602 (Occidental Chemi- 
cal Corp.) and 6% by weight of antimony trioxide (Blue 
Star, BBU) were added as flame retardants to polyamide 
6/6 with 25% by weight of glass fibers. 

V-5: 10% by weight of dimelamine pyrophosphate was 
added as a flame relardant to polyamide 6/6 with 0% by 
weight of glass fibers. 
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The particular composition of the polyamide resin com- 
positions and the results of the tests carried out are summa- 
rized in Tables 1 and 2. 

Ihe following abbreviations are used. 



Polyamide: 


PA 


Glass fibers VttrofU: 


CS300 


Glass fibers \fetrotex: 


P327 


Flame retardant: 


FR 


Co-flame retardant: 


CFR 


Dimelamine pyrophosphate: 


DMPP 


Dispersing aid: 


DA 



10 



TABLE 2-continued 



Example 


Polyamide 


GF 


FR 


UL 94 


V-5 


PA 676 


0 


10% of 


V-2 








DMPP 





15 



* 18% of Dechlorane 602 + 6% of antimony triozide 

The following mechanical properties were checked: 
Impact strength (IS) in accordance with DIN 53453, notched 
impact strength (NIS), tensile strength (TS) and elongation 
(E) in accordance with DIN 53455, E modulus in accordance 
with DIN 53452/57 and flcxural strength (FS) in accordance 
with DIN 53452/57. 



TABLE 1 



Glass fiber-reinforced polyamides of burning class 
V-0 according to UL-94 (1.6 mm test specimen) with 
25% of glass fibers (GF) and DMPP as the 
flame retardant 



20 



Example 


Polyamide 


GF 


FR 


CFR 


DA 




1 


PA 

6/6 


CS300 


30% 






25 


2 


PA 6 


CS300 


30% 








3 


PA 

6/6 


CS300 


30% 




1% of Zn 
steamte 




4 


PA 

676 


CS300 


25% 


5% of Zn borate 


0.5% of Zn 
stearate 




5 


PA 


P327 


20% 


5% of Zn borate 




30 




6/6 










6 


PA 6 


P327 


20% 


5% of Zd borate 






7 


PA 6 


P327 


20% 


5% of Zn borate 


1% of 
Acrosil 




8 


PA 


P327 


20% 


5% of Zn borate 


0.5% of 






676 








Comperlan 


35 


9 


PA 6 


P327 


20% 


5% of Zn phos- 
phate 




10 


PA 6 


P327 


20% 


5% of Zn phos- 
phate 


0.5% of 
Comperlan 




11 


PA 

676 


P327 


20% 


5% of Zn borate 


1% of Zn 
stearate 




12 


PA 

676 


P327 


20% 


5% of Zn borate 


0.5% of 
Comperlan 


40 


13 


PA 

676 


P327 


30% 




0.5% of 
Comperlan 




14 


PA 

676 


P237 
15% 


30% 






45 


15 


PA 

6/6 


P327 
50% 


15% 




1% of 
Comperlan 





The polamides according to Example 1-13 each com- 
prised 25% by weight of glass fibers, in Example 14 by 
weight of glass fibers was used and in Example 15 by weight 
of glass fibers was used. All the specimens achieved burning 
class V-0. 
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TABLE 2 



Example Polyamide 



GF 



FR 



UL94 



V-l 

V-2 

V-3 
V-4 



PA 676 
PA 676 

PA 676 
PA 676 



Ca silicate 
25% 
P237 
15% 

P237 
25% 
P237 
25% 



25% 

25% of 
■ melamine 
cyanurate , 
9% of red 
phosphorous 



V-l 



V-l 



V-0 



V-0 



55 



60 



65 



Example 


IS 
[kJ/m 5 ] 


NLS 
[U/m 5 ] 


[»] 


H modulus 
[MPa] 


PS 
[MPa] 


TS 
[MPa] 


1 


30 


6 


3 


8X0 


160 


130 


2 


35 


7 


2.5 


6500 


150 


110 


3 


40 


7 


3 


8000 


170 


130 


4 


35 


8 


3 


9000 


165 


135 


5 


30 


8 


3 


8500 


170 


125 


6 


30 


7 


2.5 


8X0 


160 


320 


7 


35 


7 


2.5 


7500 


355 


130 


.8 


40 


10 


3 


9000 


365 


130 


9 


45 


9 


2.5 


7000 


150 


120 


10 


35 


8 


2.5 


7X0 


160 


120 


11 


40 


6 


3 


8500 


180 


140 


12 


40 


7 


3 


9X0 


190 


130 


13 


35 


9 


3 


9X0 


385 


135 


14 


30 


5 


4 


6500 


150 


300 


15 


55 


10 


2 


16X0 


250 


230 


VI 


45 


4 


3 


8X0 


150 


80 


V2 


4.5 




3 


5X0 


110 


70 


V3 


45 


11 


3 " 


8500 


120 


70 


V4 


32 


5 


2 


8500 


350 


130 



EXAMPLE 16 

On a twin-screw extruder, polyamide 6/6 from Bayer with 
the trade name Durcthanc A31 In granule form was metered 
in to Section 1. The flame retardant was added in Section 4. 
Melamine phosphate from Chemie Linz GmbH was used as 
the flame retardant. The glass fibers were added in Section 
6. The vacuum degasing took place in Section 8. The 
temperature profile was chosen so that the temperature was 
270° C. for metering of the polyamide, 280° C. for the 
vacuum suction and 260° C. at the die. The throughput was 
5 kg/hour. The extruded strand was passed through a water 
bath for cooling and comminuted in a cold chopper to 
cylindrical granules which had a bulk density greater than 
600 g/1. These granules were either pressed to sheets or 
injection molded to sheets in an injection molding machine. 
The test specimens thus produced exhibit burning class V-0 
according to UL94 and adequate mechanical properties. 

EXAMPLE 17 

Polyamide 6/6 was processed on a twin-screw extruder 
with 25% by weight of glass fibers P237 and 20% by weight 
of a me larnirie- phosphoric acid reaction product with a 
melamine/phosphoric acid ratio of 2:1 analogously to 
Example 1-15 to give granules, which were injection 
molded to sheets 1.6 mm thick. 

The UL94 burning test resulted in a V-0 classification of 
the test specimens. 

The reaction product was prepared by reaction of 
melamine and phosphoric acid in the appropriate weight 
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ratio in the presence of water and subsequent evaporation of 
the reaction mixture. 

After the evaporation, the reaction product thus obtained 
was kept at 250° C. for 3 hours and employed for flame 
resistant treatment in the manner described. 5 

EXAMPLE 18 

Analogously to Example 17, poly amide 6/6 was pro- 
cessed to granules and then to sheets with 25% by weight of 10 
glass fibers P237 and 30% by weight of a melamine- 
phosphoric acid reaction product with a mclaminc/ 
phosphoric acid ratio of 1:2. 

Burning class V-0 according to UL94 was again achieved. 

We claim: 15 

1. Flame resistant, glass fiber-reinforced polyamide resin 
composition having a burning class of V-0 according to 
UL94, comprising 10 to 40% by weight of melamine- or 
melem-phosphoric acid salts or mixtures thereof with the 
exception of melamine pyrophosphates as flame retardants 20 
and 10 to 60% by weight of glass fibers. 

2. Flame resistant, glass fiber-reinforced polyamide resin 
composition having a burning class of V-0 according to 
UL94, consisting essentially of 10 to 40% by weight of 
melamine- or melem-phosphoric acid salts or mixtures 2s 
thereof with the exception of melamine pyrophosphates as 
flame retardants and 10 to 60% by weight of glass fibers. 

3. Flame resistant glass fiber-reinforced polyamide resin 
composition according to claim 1, comprising melamine 
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phosphate, or melamine polyphosphates or mixtures thereof 
as flame retardants. 

4. Flame resistant glass fiber-reinforced polyamide resin 
composition according to claim 1, comprising 15-35% by 
weight of flame retardants. 

5. Flame resistant glass fiber-reinforced polyamide resin 
composition according to claim 1, comprising additional 
flame retardants. 

6. Flame resistant glass fiber- re info reed polyamide resin 
composition according to claim 5, wherein zinc borate, zinc 
phosphate, melamine sulfate or ammonium polyphosphate is 
used as an additional fiame retardant. 

7. Flame resistant glass fiber- reinforced polyamide resin 
composition according to claim 1, comprising additional 
additives comprising dispersing agents, lubricants or adhe- 
sion promoters. 

8. Flame resistant glass fiber- rein forced polyamide resin 
composition according to claim 5, comprising stearates, 
phosphonates, fatty acid amides or pyro genie silica as dis- 
persing agents. 

9. Process for the preparation of a flame resistant glass 
fiber-reinforced polyamide resin composition according to 
claim 1, comprising mixing a polyamide with glass fibers 
and with the flame retardant, and optionally, with additional 
flame retardants and additives, in the desired weight ratio, 
and melting and processing the mixture to form granules or 
to form shaped articles. 

# * * * * 



